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PILOT OPERATED RELIEF VALVE WITH
DUAL PILOT REGULATORS

FIELD OF THE DISCLOSUR.

L1l

The disclosure generally relates to relief valves and more
specifically to pilot operated relief valves.

BACKGROUND OF THE DISCLOSURE

Pressure relief valves are used 1n a variety of commercial,
industrial and domestic applications to maintain a pressure
within a container below a predetermined maximum pres-
sure. Specifically, ifthe pressure within the container exceeds
a start-to-discharge pressure or predetermined maximum
pressure, the pressure relief valve will vent a fluid or vapor to
the atmosphere until the pressure within the container
decreases below the predetermined maximum pressure. The
amount and rate at which the fluid or vapor 1s vented to the
atmosphere 1s associated with the magnitude of the pressure
within the container.

Different pressure relief valves have different sizes, start-
to-discharge pressures and tlow capacities. A pressure relief
valve may be selected for use with a container based on a
design specification of the container such as a maximum
pressure to which the container can be safely exposed without
rupturing.

Known pressure relief valves often include an actuator
having a spring that exerts a force on a shatt to urge a valve
seat towards a seating surface. In practice, i1t a plurality of
pressure relief valves 1s used with a manifold assembly, each
of the plurality of pressure relief valves 1s at least partially
positioned within one of a plurality of tubes coupled to the
manifold assembly. Typically, each tube 1s substantially the
same length as the pressure relief valve and 1s made of a metal
material and, thus, the length and weight of the pressure relief
valve drastically impacts the overall weight and size (e.g.,
height) of the manifold assembly.

Multiple pressure relief valve manifolds are used particu-
larly in propane, natural gas, and anhydrous ammonia storage
tanks. These manifolds typically include four pressure relief
valves that are fluidly connected to the mamifold. A selection
mechanism selectively disconnects one of the pressure relief
valves from the manifold at a time for testing, periodic main-
tenance, and/or replacement. Multiple pressure relief valve
manifolds are typically large, heavy, and prone to leakage at
the connection between the pressure relief valves and the
manifold.

SUMMARY

In accordance with one exemplary aspect of the present
invention, a pilot operated relief valve includes a valve body
having a fluid inlet and a fluid outlet connected by a fluid
passageway. A valve plug may be disposed within the fluid
passageway, the valve plug cooperating with a valve seat to
control fluid flow through the fluid passageway. An actuator
may be connected to the valve plug, the actuator biasing the
valve plug towards the valve seat. A pilot assembly may
include a first pilot valve and a second pilot valve, wherein the
pilot assembly directs fluid pressure upstream of the valve
plug to a rotary valve, which directs the upstream pressure to
one of the first and second pilot valves. When the upstream
fluid pressure exceeds a predetermined level, the first or sec-
ond pilot valve activates to relieve a loading pressure acting
on a diaphragm 1n the actuator, which allows upstream pres-
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sure to move the valve plug away from the valve seat thereby
allowing tluid to tlow through the fluid passageway.

In another exemplary aspect of the present invention, a
pilot assembly for a pilot actuated pressure relief valve
includes a first pilot valve, a second pilot valve, a first rotary
valve fluidly connected to the first pilot valve and to the
second pilot valve, and a second rotary valve fluidly con-
nected to the first pilot valve and to the second pilot valve.

In further accordance with any one or more of the forego-
ing aspects, a pilot operated relietf valve (or a pilot assembly
for a pilot operated relief valve) may further include any one
or more of the following preferred forms.

In some preferred forms, the pilot operated relief valve may
include a first rotary valve and a second rotary valve, the first
and second rotary valves being fluidly connected to one
another and to the first and second pilot valves, wherein the
first rotary valve and the second rotary valve are mechanically
connected to one another so that the first rotary valve and the
second rotary valve are actuated simultaneously by an actu-
ating means. In some preferred forms, the actuating means
may be a lever. In other preferred forms, the lever may have a
handle portion and a connection portion. In yet other pre-
terred forms, the connection portion may be operatively con-
nected to a valve stem of the first rotary valve and to a valve
stem of the second rotary valve. In yet other preferred forms,
the lever may include indicia disposed on a first side of the
handle portion, the indicia indicating whether the first pilot
valve or the second pilot valve 1s active. In yet other preferred
forms, the lever may 1include indicia disposed a second side of
the handle portion. In yet other preferred forms, at least one of
the first rotary valve and the second rotary valve may be an
L-type three way rotary valve. In yet other preferred forms,
the first rotary valve may include one inlet and two outlets. In
yet other preferred forms, the second rotary valve may
include two 1nlets and one outlet. In some preferred forms, the
outlet of the second rotary valve may be fluidly connected to
an inlet port on an actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a pilot operated relietf
valve having two pilot regulators;

FIG. 2 1s a perspective view of the pilot operated relietf
valve of FIG. 1, with a first pilot regulator selected as the
active pilot regulator;

FIG. 3 1s a perspective view of the pilot operated reliet
valve of FIG. 1 with a second pilot regulator selected as the
active pilot regulator;

FIG. 4 15 a close-up perspective view of the pilot operated
relief valve of FIG. 2 with a selector lever removed, exposing,
shafts of a first and second rotary selector valve; and

FIG. 5 1s a front plan view of an alternate selector lever
connected to shafts of two rotary selector valves.

While the disclosure 1s susceptible to various modifica-
tions and alternative constructions, certain 1illustrative
embodiments thereof have been shown in the drawings and
will be described below 1n detail. It should be understood,
however, that there 1s no intention to limit the disclosure to the
specific forms disclosed, but on the contrary, the imtention 1s
to cover all modifications, alternative constructions, and
equivalents falling within the spirit and scope of the mven-
tion.

DETAILED DESCRIPTION

Referring now to the drawings and with specific reference
to FI1G. 1, a pilot operated relietf valve 10 1s fluidly connected
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to a fluid contamner 12. The pilot operated relief valve 10
includes a valve body 14 having a fluid inlet 16 and a fluid
outlet 18 connected by a fluid passageway 20. A valve plug 22
and a valve seat 24 are disposed within the valve body 14. The
valve plug 22 and the valve seat 24 cooperate to control fluid
flow through the tfluid passageway 20.

The valve plug 22 may be operatively connected to a stem
26 that 1s connected to a loading chamber 36 of an actuator 28.
The actuator 28 may include biasing device, such as a spring
30, which biases the stem 26 and the valve plug 22 in a
direction that moves a seating surface 32 of the valve plug 22
towards the valve seat 24 so that fluid tlow through the tluid
passageway 20 1s normally prevented. When fluid pressure
within the container 12 and thus within the inlet 16, exceeds
a predetermined level, a loading fluid pressure 1n the loading
chamber 36 1s relieved by one of the pilot valves 52, 54, and
the biasing force produced by the spring 30 1s overcome by
fluid pressure within the flmd passageway 20 and the seating
surface 32 moves away from the valve seat 24 to allow fluid to
flow through the tluid passageway 20 to the fluid outlet 18. As
fluid within the container 12 1s vented through the outlet 18,
pressure within the container 12 and thus within the inlet 16
decreases. When the pressure within the inlet 16 decreases
suificiently, the pilot valve 52, 54 will close and loading
pressure will be restored to the loading chamber 36. The
loading pressure in the loading chamber 36 cancels forces
generated by fluid pressure 1n the fluid passageway 20 and
thus, the biasing force produced by the spring 30 will cause
the seating surface 32 to move back into contact with the
valve seat 24, thereby stopping fluid flow through the fluid
passageway 20.

Upstream or supply fluid pressure may be tapped from an
upstream 1nlet line 34 and ultimately fed into a first rotary
valve 56, which directs the upstream fluid pressure to either
the first pilot valve 52 or the second pilot valve 34. The spring,
30 may be located in the loading chamber 36 1n some embodi-
ments. A loading pressure inlet port 40 1n the actuator 28 may
be fluidly connected to the chamber 36 and to one of the first
and second pilot valves 52, 534 by a pilot assembly 50 for
venting tluid from the loading chamber 36 during overpres-
sure conditions.

The pilot assembly 50 may include the first and second
pilot valves 52, 54, the first rotary valve 36, a second rotary
valve 58, and a plurality of fluid lines 60qa, 605, 60c, 604, 60¢
that ﬂuldly connect the first and second pilot valves 52, 54 to
the first and second rotary valves 56, 58 and/or to the loadlng
chamber 36. By manipulating the first and second rotary
valves 56, 38, an operator may select erther the first pilot valve
52 or the Second pilot valve 54 to be an active pilot valve. The
active pilot valve vents the loading pressure from the loading
chamber 36 when upstream tluid pressure 1n the upstream
inlet line 34 exceeds a predetermined level, which 1s set 1n the
pilot valves 52, 54. When selecting an active pilot valve, the
operator designates the other pilot valve as a stand-by or
non-active pilot. The stand-by or non-active pilot may be
removed and replaced, or maintained as necessary without
disrupting the pilot operated relief valve 10. In some embodi-
ments, both the first pilot valve 52 and the second pilot valve
54 may be active at the same time.

The pilot assembly 50 delivers upstream or supply fluid
pressure (e.g., container 12 tluid pressure) to one of the two
pilot valves 52, 54, which to assist 1n opening the pilot oper-
ated relief valve 10 when upstream pressure exceeds a prede-
termined level by venting loading pressure from the loading,
chamber 36. Upstream pressure 1s first communicated to a
supply pressure ilet 61 of the first rotary valve 56 by the
upstream 1nlet line 34. The first rotary valve 56 directs
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upstream or supply pressure to one of the first and second
pilot valves 52, 54 (or in other embodiments to both the first
and second pilot valves 52, 54). The first rotary valve 56
directs the supply pressure to either the first pilot valve 52
through a first supply outlet 62 and a first fluid line 60a or to
the second pilot valve 34 through a second supply outlet 64
and a second fluid line 605b.

The first and second pilot valves 52, 54 may be set to allow
loading pressure to vent to the atmosphere when supply pres-
sure exceeds a predetermined level or set point. The first and
second pilot valves 52, 54, may include a valve plug 664, 665
that 1s biased closed by a biasing element or spring 68a, 685b.
When fluid pressure 1n the first or second fluid lines 60a, 605
produces an opening force on the valve plugs 66a, 665 suifi-
cient to overcome the biasing force produced by the spring
68a, 680, the valve plug 66a, 660 moves away from a valve
seat 70a, 705 to allow loading pressure to vent through the
pilot valve 52, 54. Once the pilot valve 52, 54, opens, fluid
pressure 1s vented from a first loading pressure outlet 72 of the
second rotary valve 58 through the first pilot valve 52 or from
a second loading pressure outlet 74 of the second rotary valve
58 through the second pilot valve 34. The second rotary valve
58 may be positioned to direct loading pressure from loading
pressure inlet 76 through one of the first loading pressure
outlet 72 and the second loading pressure outlet 74 to either
the first or second pilot valve 52, 54.

The pilot assembly 50 of FIG. 1 illustrates a first condition
that directs supply pressure to the first pilot valve 52 so that
the first pilot valve 52 determines when fluid pressure 1s
ultimately vented from the inlet port 40 and thus from the
loading chamber 36 to open the pilot operated relief valve 10.
Fluid flows from the container 12, through the upstream inlet
line 34 to the first rotary valve 56. The first rotary valve 56 1n
the embodiment illustrated 1n FIG. 1 1s a three way, L-shaped
rotary valve. When positioned as illustrated in FIG. 1, the first
rotary valve 36 directs fluid from the upstream inlet line 34 to
the first pilot valve 52 through the first fluid line 60a. When
the tluid pressure 1s sutficient to open the first pilot valve 52,
fluid 1s vented from the loading chamber 36 through the third
fluid line 60c. In this configuration, the second rotary valve 58
directs fluid from the fifth fluid line 60e to the third fluid line
60c and ultimately to the first pilot valve 52.

In a second condition (not illustrated), the pilot valve
assembly 50 may be arranged to direct supply fluid pressure
to the second pilot valve 54 so that the second pilot valve 54
determines when fluid pressure 1s ultimately vented from the
loading chamber 56 to open the pilot operated relief valve 10.
Fluid flows from the container 12, through the upstream inlet
line 34 to the first rotary valve 56. When positioned to direct
fluid tlow to the second pilot valve 34, the first rotary valve 56
directs tluid from the upstream inlet line 34 to the second pilot
valve 54 through the second supply fluid line 605. When the
fluid pressure 1s sullicient to open the second pilot valve 54,
fluid vents from the loading chamber 36 through the second
rotary valve 58 and through the fourth fluid line 60d. The
second rotary valve 58 directs fluid from the fifth fluid line
60¢ to the fourth fluid line 60d, which 1s attached to second
pilot valve 54.

In other embodiments, the rotary valves may be T-shaped
rotary valves that include a position which allows fluid to flow
to both the first pilot valve 52 and the second pilot valve 54 at
the same time, thereby preventing fluid 1solation of either
pilot valve 1f the rotary valves are placed in an intermediate
position. In yet other embodiments, the first and second rotary
valves 56, 38 may be replaced with a single two position,
s1x-way block or valve that combines the functions of the first
and second rotary valves 36, 58 1nto a single unit.
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Turning now to FIGS. 2 and 3, in one exemplary embodi-
ment, the first and second rotary valves 356, 38 may be
mechanically connected by a handle, a lever 80, or similar
performing feature. The lever 80 may be attached to valve
stems 82 (see FIG. 4) of each of the first and second rotary
valves 56, 58 so that the first and second rotary valves 56, 38
are actuated in unison. FIG. 2 1llustrates a first configuration
(corresponding to the configuration illustrated in FIG. 1)
where upstream or supply tluid pressure 1s directed to the first
pilot valve 52. The lever 80 may include 1indicia 84 on a first
side 85 that indicates the active pilot valve 1n some manner
(¢.g., with words and/or symbols). For example, the lever 80
illustrated 1n FIG. 2 has indicia stating “active pilot” and an
arrow pointing to the active pilot valve, which 1s the first pilot
valve 52 1n the embodiment illustrated in FIG. 2. In this
manner, an operator can quickly identify the active pilot
valve.

FIG. 3 1llustrates a second configuration where upstream
fluid pressure 1s directed to the second pilot valve 54. The
lever 80 includes indicia 84 on a second side 87 that indicates
that the second pilot valve 54 1s the active pilot valve. In this
manner, the indicia 84 contribute to the functionality of the
pilot assembly 50 by 1dentitying the active pilot to an opera-
tor. Thus, the operator can be confident that the first and
second rotary valves 56, 58 are positioned correctly before
performing maintenance on one of the pilot valves 52, 54.

In the embodiment of FIGS. 2 and 3, the lever 80 includes
a flat handle portion 88 and a connection portion 90. The tlat
handle portion 88 may include the indicia 84 on the first and
second sides 85, 87, or on only one side. The connection
portion 90 may be attached to the valve stems 84 of the first
and second rotary valves 56, 58. Thus, actuation of the lever
80 produces coordinated and simultaneous movement of the
valve stems 82, which results 1n coordinated movement of the
internal components of the first and second rotary valves 56,
58 to properly direct upstream or supply fluid pressure to the
desired pilot valve. In the embodiment of FIGS. 2 and 3, the
flat handle portion 88 extends laterally (or has a width) 1n a
direction substantially parallel (or parallel) to an axis of rota-
tion A of the valve stems 82.

Turning now to FIG. 5, an alternate exemplary embodi-
ment of the lever 180 1s 1llustrated. In the embodiment of FIG.
5, the lever 180 includes a flat handle portion 188 that extends
laterally (or has a width) 1n a direction that 1s substantially
perpendicular (or perpendicular) to the axis of rotation A of
the valve stems of the first and second rotary valves 156, 158.
The pilot assembly 50 may be arranged so that the handle
portion 188 points to the active pilot valve for easy 1dentifi-
cation. The lever 180 may be formed by two separate levers
(one attached to each rotary valve) having the flat handle
portions 188 secured to one another. The handle portions 188
may be secured by virtually any means, such as fasteners,
adhesive, hook and loop fasteners, welds, clamps, rivets,
straps, pins, or any other means of securing one handle to
another handle. Alternatively, the handle portions may be
secured to one another by a handle extension, such as a metal
or plastic sheath that slides over both handle portions. Fur-
thermore, the handle portions could be secured or locked 1n a
desired position with safety wire. The safety wire could be
secured to the active pilot 1n some embodiments and the
satety wire could also serve as a tampering indicator. For

example, if the safety wire were broken a warranty may be
voided.

In the embodiment illustrated 1n FIG. 5, the handle 180
includes a pair of slider locks 190 on legs 192 of each handle
188. The slider locks 190 may 1nclude a tab 194 that engages
a recess 196 on the rotary valve 156, 158. When the handle
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188 needs to be moved, the slider locks 190 are moved along,
the leg 192 until the tab 194 disengages from the recess 96.
After the handle 188 1s 1n 1its new position, the slider locks 190
may be moved towards the recess 196 until the tab 194
engages the recess 196, thereby preventing further rotation of
the handle 188 and locking the handle 188 in position. In
other embodiments, the legs 192 may include openings
through which a pin or lug may be placed to prevent the slider
locks 190 from 1nadvertently becoming disengaged.

In yet other embodiments, the handle 188 could be pro-
vided with a toggle mechanism to prevent the handle from
being left 1n an mtermediate position.

In yet other embodiments, a single U-shaped handle may
be connected to both rotary valves.

In yet other embodiments, the actuator may be provided
with an indicator, such as a spring position indicator that
indicates when loading pressure has been released from the
loading pressure chamber. Indicator position may be tracked
and monitored so that maintenance and/or replacement of
parts may be scheduled it the indicator history determines
that parts are failing.

Although the pilot assemblies have been described herein
with respect to propane, natural gas, and anhydrous ammonia
industries, the disclosed pilot assemblies may be used 1n
valves that control other types of fluid flows.

Any of the embodiments of the disclosed pilot operated
relief valve described herein advantageously are adaptable to
a wide range of containers. The disclosed pilot operated relief
valves also advantageously have less moving parts when
compared to prior art pressure relief valve manifold systems,
which typically include four or more valves. Additionally,
maintenance, repair, and replacement of the disclosed pilot
operated relief valves are simplified due to the ability to select
one pilot while the non-selected pilot 1s repaired or replaced.
Moreover, the disclosed pilot operated relief valves may be
connected to gas containers via a flange rather than with a
NPT connection, as 1s the case with pressure relief valve
mamifold systems. As a result, leaks which typically occur in
NPT connections are eliminated. The pilot valves of the dis-
closed pilot operated reliet valves may be easily and quickly
disconnected from the system via compression fittings, which
makes maintenance and repair/replacement more convenient.
Finally, the disclosed pilot operated relief valves are smaller
and lighter than conventional pressure relief valve mamiold
systems.

The disclosed selector handle and rotary selector valves of
the disclosed pilot operated valve advantageously allows a
user to quickly and accurately identity the active pilot valve.
Further, the disclosed selector handle and rotary selector
valves prevent inadvertent rotary selector combinations from
being selected as the rotary selector valves are physically
joined by the selector handle.

Although certain pilot operated reliet valves have been
described herein in accordance with the teachings of the
present disclosure, the scope of coverage of this patent 1s not
limited thereto. On the contrary, while the invention has been
shown and described 1n connection with various preferred
embodiments, 1t 1s apparent that certain changes and modifi-
cations, 1n addition to those mentioned above, may be made.
This patent covers all embodiments of the teachings of the

disclosure that fairly fall within the scope of permissible
equivalents. Accordingly, 1t 1s the intention to protect all
variations and modifications that may occur to one of ordi-
nary skill in the art.
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What 1s claimed 1s:

1. A pilot operated relief valve, comprising:

a valve body having a fluid inlet and a fluid outlet con-
nected by a fluid passageway;

a valve plug disposed within the fluid passageway, the
valve plug cooperating with a valve seat to control tluid
flow through the tluid passageway;

an actuator connected to the valve plug, the actuator bias-
ing the valve plug towards the valve seat; and

a manifoldless pilot assembly including a first pilot valve
and a second pilot valve, the pilot assembly directing
fluad pressure upstream of the valve plug to one of the
first and second pilot valves,

wherein the valve plug moves away from the valve seat

allowing fluid to flow through the fluid passageway
when the upstream fluid pressure exceeds a predeter-
mined level,

wherein the pilot assembly further comprises a first rotary

valve and a second rotary valve, the first and second
rotary valves being tluidly connected to one another and
to the first and second pilot valves, and

wherein the first rotary valve and the second rotary valve

are mechanically connected to one another so that the
firstrotary valve and the second rotary valve are actuated
simultaneously by an actuating means.

2. The pilot operated pressure relief valve of claim 1,
wherein the actuating means 1s a lever.

3. The pilot operated pressure relief valve of claim 2,
wherein the lever has a handle portion and a connection
portion.

4. The pilot operated pressure relief valve of claim 3,
wherein the connection portion 1s operatively connected to a
valve stem of the first rotary valve and to a valve stem of the
second rotary valve.

5. The pilot operated pressure relief valve of claim 3,
wherein the lever includes 1indicia disposed on a first side of
the handle portion, the indicia indicating an active pilot valve.

6. The pilot operated pressure relief valve of claim 5,
wherein the lever includes indicia disposed a second side of
the handle portion.

7. The pilot operated pressure relief valve of claim 6,
wherein at least one of the first rotary valve and the second
rotary valve 1s an L-type three way rotary valve.
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8. The pilot operated pressure reliel valve of claim 1,
wherein the first rotary valve includes one inlet and two
outlets.

9. The pilot operated pressure relief valve of claim 8,
wherein the second rotary valve includes one inlet and two
outlets.

10. The pilot operated pressure relief valve of claim 9,
wherein the inlet of the second rotary valve 1s fluidly con-
nected to an 1nlet port on the actuator.

11. The pilot operated relief valve of claim 1, wherein the
actuator mncludes a loading chamber having a loading fluid
pressure that acts on the valve plug to bias the valve plug
towards the valve seat.

12. A manifoldless pilot assembly for a pilot operated
pressure relief valve, the pilot assembly comprising:

a first pilot valve;

a second pilot valve;

a first rotary valve fluidly connected to the first pilot valve

and to the second pilot valve without a manifold; and
a second rotary valve fluidly connected to the first pilot
valve and to the second pilot valve without a manifold,

wherein the first rotary valve and the second rotary valve
are mechanically connected to one another so that the
firstrotary valve and the second rotary valve are actuated
simultaneously by an actuating means.

13. The pilot assembly of claim 12, wherein the actuating
means 1s a lever.

14. The pilot assembly of claim 13, wherein the lever has a
handle portion and a connection portion.

15. The pilot assembly of claim 14, wherein the connection
portion 1s operatively connected to a valve stem of the first
rotary valve and to a valve stem of the second rotary valve.

16. The pilot assembly of claim 14, wherein the lever
includes indicia disposed on a first side of the handle portion,
the indicia indicating an active pilot valve.

17. The pilot assembly of claim 16, wherein the lever
includes indicia disposed a second side of the handle portion.

18. The pilot assembly of claim 12, wherein one of the first
rotary valve and the second rotary valve 1s an L-type three
way rotary valve.

19. The pilot assembly of claim 12, wherein the first pilot
valve has a first pressure set point and the second pilot valve
has a second pressure set point.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,334,974 B2 Page 1 of 1
APPLICATION NO. . 14/039549

DATED . May 10, 2016

INVENTOR(S) . Juan M. Diaz et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification
At Column 2, Line 44, “FIG. 1,” should be -- FIG. 1 --.
At Column 4, Line 47, “loading chamber 56 should be -- loading chamber 36 --.

At Column 5, Line 31, “valve stems 84 should be -- valve stems &2 --.
At Column 5, Line 64, “handle 180’ should be -- handle 188 --.

In the Claims

At Column 8, Line 10, “operated” should be -- operated pressure --.

Signed and Sealed this
Twenty-eighth Day of February, 2017

Michelle K. Lee
Director of the United States Patent and Trademark Office
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